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Introduction
Currently, several sensitive and specific methods are available 
to identify myocardial necrosis. However, it remains a 
challenge to diagnose ischemia that develops just before 
necrosis, and hence, probably induces the necrosis in the early 
phases [1]. There is no gold standard to assess myocardial 
ischemia; although the ischemia-modified albumin (IMA) 
test, referred to as the albumin cobalt binding (ACB) test, is 
a promising early indicator for the detection of myocardial 
ischemia before the onset of necrosis [2]. Importantly, IMA 
levels increase in ischemic states which do not originate from 
cardiac conditions in which extracellular hypoxia, acidosis, 
and free radical damage occurs as well [2]. Changes in IMA 
levels have also been observed in studies related to exercise, 
which is another situation that leads to ischemia; however, 
the effect of exercise on IMA levels is not clear. Lippi et al. 
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ABSTRACT
Objectives: The ischemia-modified albumin (IMA) test is a 
promising indicator of myocardial ischemia in the early diagnosis 
of the acute coronary syndrome (ACS). Recent studies examining 
alterations in IMA levels caused by myocardial ischemia that 
develops  during exercise have shown contradictory results. There 
has been an increase in severe exercise-related cardiac events in 
football. We therefore, assessed IMA levels before and after exercise 
in professional soccer players in order to examine the effect of the 
exercise on IMA levels. 
Methods: Blood was collected from professional soccer players 
before and after exercise. IMA levels were measured by using 
spectrophotometric methods, and the albumin levels were measured 
in an autoanalyzer. 
Results: The average pre- and post exercise IMA levels of 16 
soccer players were found to be 0.438±0.071 and 0.386±0.069, 
respectively. The pre- and post exercise albumin levels of the same 
group were 4.08±0.20 g/dL and 4.21±0.19 g/dL, respectively. 
There was a strong negative correlation between post exercise 
IMA and albumin levels, which was statistically significant 
(r = -0.535. p = 0.033).
Conclusion: IMA levels should be examined not only in non-
cardiac pathologies, but also in specific serum albumin concentrations 
and in individuals practicing vigorous sport activities.
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ÖZET
Amaç: İskemi modifiye albumin (IMA), akut koroner sendromun 
erken tanısında myokard iskemisinin bir belirteci olarak umud 
vadeden bir testtir. Ancak egzersiz sırasında gelişen iskeminin IMA 
düzeylerinde yolaçtığı değişimi inceleyen son çalışmalar çelişkili 
sonuçlar saptamıştır. Öte yandan futbolcularda egzersizle ilgili ciddi 
kardiyak olaylarda da artış vardır. Bu nedenle biz IMA düzeylerine 
egzersizin etkisini araştırmak için profesyonel futbol oyuncularında 
egzersiz öncesi ve sonrası IMA düzeylerini değerlendirdik. 
Yöntem: Profesyonel futbolculardan egzersiz öncesi ve sonrası 
kan örnekleri toplandı. IMA düzeyleri spektrofotometrik metodların 
kullanımı ile ve albumin düzeyleri de otomatik analizör cihazında 
ölçüldü. 
Bulgular: On altı futbolcunun egzersiz öncesi ve sonrası 
ortalama IMA düzeyleri sırasıyla 0.438±0.071 and 0.386±0.069 
olarak saptandı. Aynı grubun egzersiz öncesi ve sonrası ortalama 
albumin düzeyleri ise sırasıyla 4.08±0.20 g/dL and 4.21±0.19 g/dL 
olarak ölçüldü. Egzersiz sonrası IMA ve albumin düzeyleri arasında 
istatistiksel olarak anlamlı güçlü bir negatif korelasyon vardı 
(r = -0.535. p = 0.033). 
Sonuç: IMA düzeyleri sadece kardiyak olmayan patolojilerde 
değil özgül serum albumin konsantrasyonlarında ve şiddetli spor 
aktivitelerinde bulunan bireylerde de değerlendirilmelidir. 
Anahtar kelimeler: İskemi, İskemi modifiye albumin, Albumin, 
Egzersiz, Futbol 
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reported increases in IMA levels during aerobic endurance 
exercises in healthy individuals [3]. Kurz et al. found similar 
results in patients undergoing exercise stress tests [4]. In 
contrast, Piechota et al. detected a reduction in IMA levels 
after exercise in patients who had previously been diagnosed 
with coronary atherosclerosis [5]. Furthermore, they reported 
that this reduction was parallel to an increase in the albumin 
concentration. 
Football is one of the most energy-demanding sports 
activities, and also football training includes a great deal 
of weight-lifting activities. Strenuous exercise may lead 
to transitory myocardial ischemia and myocardial stress, 
possibly inducing increased levels of IMA. Thus, we 
examined the changes in IMA levels in professional soccer 
players before and after training.
Methods
In the present study 5 mL of blood were obtained from 
each player of a soccer team in the Second League. The 
study was approved by the Ethics Committee of Kocaeli 
University. All players were informed about the study 
procedure and purpose, and informed consent was obtained 
from each player.
The study group consisted of 16 male soccer players 
with a mean age of 26.25±5.42 years. The running exercise 
programs of soccer players were set as follows:
• warm-up running for 20 minutes; 
• a 7.5-minute running in which the pulse was kept at 
150-160 per minute; and 
• a cool-down period with 2.5 minutes of jogging.
This set of exercises was repeated three times. Then, the 
exercise period was completed with a 10-minute running 
period during  which the pulse was maintained at 150-160 
per minute again.
The blood samples were collected in tubes without 
preservatives. The samples were allowed  to form clots  for 
30 minutes and then centrifuged at 2500 g for 10 minutes 
to separate the serum. The serum samples were tested 
immediately. The ACB test was performed according to 
the method defined by Bar-Or et al. [6]. According to this 
method, 200 µL of serum is added to a water solution 
containing 50 µL of 0.1% cobalt chloride (CoCl2.6H2O; 
Sigma, St. Louis, MO, USA). The mixture was stirred gently 
and kept to stand at room temperature for 10 minutes. Then, 
50 µL of dithiothreitol (DTT) solution with 1.5 mg/mL H2O 
(C
4
H
10
O2S2; Sigma, St. Louis, MO, USA) was added. After 
2 minutes, 1 mL of 0.9% NaCl was added. Afterwards, 
the absorbance of the reaction mixture was measured with 
a spectrophotometer at 470 nm. A sample without DTT 
was used as a blank sample. The results were reported in 
absorbance units (ABSU). Serum albumin concentrations 
were studied with the bromcresol green method in a modular 
analytics automated analyzer (Roche Diagnostics).
The data of the study were analyzed by using the SPSS 
Ver. 15.0. Wilcoxon Rank Sum and Spearman Correlation 
tests were used for the analyses of the study. The statistical 
significance level was set at 0.05.
Results
In this study,  16 soccer players in total were investigated. 
The mean age was 26.25±5.42. The mean duration in years 
of active sport  was 8.9±4.7 and the mean BMI level was 
23.6±0.9. The pre- and post exercise IMA levels of the 
investigated 16 soccer players were 0.438±0.071 and 
0.386±0.069 respectively. The pre- and post exercise albumin 
levels were  4.08±0.20 g/dL and 4.21±0.19 g/dL. There was 
a strong negative correlation between post exercise IMA and 
albumin levels (r = -0.535. p = 0.033), which was statistically 
significant. The correlation found between age, years of 
active sport, BMI and IMA levels was nonsignificant (Tables 
I and  II). 
Discussion
The mechanism of exercise-related sudden death in 
young competitive athletes includes a number of triggers, 
such as acute myocardial ischemia, sympathetic stimulation, 
and abrupt hemodynamic changes, leading to life-threatening 
ventricular arrhythmias. During exercise, physical and 
metabolic changes occur which lead to an increased risk of 
acute coronary complications and life-threatening myocardial 
ischemia [7].
Table I. The IMA and albumin values before and after exercise (mean 
± SD)
Before Exercise After Exercise p
IMA (ABSU) 0.438±0.071 0.386±0.069 0.016
Albumin (g/dL) 4.08±0.20 4.21+0.19 0.003
Values shown are mean ± standard deviation (mean ± SD), ABSU=absorbance units 
Table II. The correlations between IMA, Age, BMI and years of sports 
activities
r* p
Post exercise IMA-Albumin levels -0.535 0.033
Post exercise IMA-Age level -0.262 0.327
Post exercise IMA-BMI level 0.141 0.602
Post exercise IMA- years of sports -0.207 0.441
Change in IMA vs Albumin levels -0.133 0.624
Change in IMA vs Age -0.390 0.135
Change in IMA vs BMI 0.097 0.720
Change in IMA vs e years of sports -0.107 0.694
*: Spearman’s correlation test
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IMA is an early indicator of cardiac ischemia which 
develops before necrosis [8,9]. However, few studies 
have been carried out in patients with stable coronary 
atherosclerotic heart disease [10]. 
A change in IMA levels does not indicate cardiac 
pathology only; IMA levels are also elevated in individuals 
with skeletal muscle ischemia. The mechanism which plays 
a role in the formation of IMA during ischemia is unclear; 
however, ischemia, hypoxia, acidosis, and the formation 
of free radicals may alter the ability of three amino acids 
(aspartate, alanine, and histidine) at the N-terminus of 
albumin to bind free metal atoms, including cobalt. Due 
to these factors, the binding capacity of these amino acids 
is reduced. The ACB test is based on these biochemical 
alterations [11,12]. 
The study by Troxler et al. revealed that in major 
arterial surgical procedures, skeletal muscle ischemia led to 
increased IMA levels [13]. Similar results were also reported 
by Montagnana  et al. during orthopedic surgical procedures 
[14]. 
On the other hand, changes in IMA levels have also been 
investigated in studies related to exercise  where changes  in 
IMA levels also lead  to ischemia. However, earlier studies 
investigating the effect of exercise on IMA levels have 
revealed different results. For instance, Kurz et al. observed 
that there was an increase in IMA levels 4 hours after an 
exercise stress test [4] and Lippi  et al. also observed similar 
increases in IMA levels after aerobic strength exercises 
applied to healthy individuals [3], possibly because the 
increase in oxygen consumption in the cells caused by 
exercise results in an ischemic state, and thus the IMA 
levels increase. However, different results were reported in a 
study performed in marathoners where IMA levels after the 
race decreased; a situation which contradicted expectations 
[15]. Middleton et al. generated similar results in a study 
conducted in the London marathon in 2004 [16]. Roy  et al. 
observed that IMA levels during muscle ischemia caused 
by exercise decreased below basal levels [17]. Piechota  et 
al. [5] detected a reduction in IMA levels after exercise in 
patients previously diagnosed with coronary atherosclerosis. 
Furthermore, they observed that this reduction was parallel 
to the increase in albumin concentration. Therefore, they 
emphasized that the use of IMA could be misleading in 
myocardial ischemia induced by exercise due to the increase 
in albumin concentrations. We also observed a decrease 
in IMA levels after exercise, which is consistent with the 
findings of these other studies [5, 15-17]. 
Moreover, we detected increases in albumin 
concentrations which correspond to decreases in IMA levels 
after exercise, as indicated by Piechota et al. [5]. Similar 
findings were reported by Zapico-Muniz et al. [18]. Thus, 
we have suggested that physiologic processes, such as 
hemoconcentration caused by exercise [19] or transport 
of free fatty acids in large amounts to tissues as an energy 
source [16], increase the albumin concentration per unit blood 
volume. While the cobalt binding capacity of each albumin 
molecule exposed to ischemia is reduced, the increase in 
the quantity of albumin in a unit volume of blood causes 
greater cobalt binding, which constitutes a contradiction, 
and which leads to a false decrease in IMA absorbance. 
The strong negative relationship between albumin and IMA 
values was also reported in the study of Zapico-Muniz  et 
al. [18]. In addition, IMA levels are influenced significantly 
by a wide array of physiologic variables, including exercise 
and hydration [20]. It is not clear what kinds of interference 
the physiopathologic processes caused by exercise can 
produce in IMA measurements. One of the issues debated in 
this context is lactate interference. It has been reported that 
lactate levels, which increase due to exercise, reduce IMA 
values [17, 18]. 
Conclusion
This is the first study that has reported decreased IMA 
levels after training in professional soccer players. Albumin 
concentrations, which increase after soccer training, may 
cause a decrease in IMA levels, and this increase was 
considered to be a factor interfering with IMA measurements. 
Therefore, IMA measurements on their own  may not be 
reliable for assessing ischemia which develops during soccer 
training.
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